Alpha-ketoglutarate and N-acetyl cysteine protect PC12 cells from cyanide-induced cytotoxicity and altered energy metabolism.
Cyanide is a rapidly acting neurotoxin that inhibits cellular respiration and energy metabolism leading to histotoxic hypoxia. This results in the dissipation of mitochondrial membrane potential (MMP) accompanied by decreased cellular ATP content which in turn is responsible for increased levels of intracellular calcium ions ([Ca(2+)](i)) and total lactic acid content of the cells. Rat pheochromocytoma (PC12) cells possess much of the biochemical machinery associated with synaptic neurons. In the present study, we evaluated the cytoprotective effects of alpha-ketoglutarate (A-KG) and N-acetylcysteine (NAC) against cyanide-induced cytotoxicity and altered energy metabolism in PC12 cells. Cyanide-antagonism by A-KG is attributed to cyanohydrin formation whereas NAC is known for its antioxidant properties. Data on leakage of intracellular lactate dehydrogenase and mitochondrial function (MTT assay) revealed that simultaneous treatment of A-KG (0.5 mM) and NAC (0.25 mM) significantly prevented the cytotoxicity of cyanide. Also, cellular ATP content was found to improve, followed by restoration of MMP, intracellular calcium [Ca(2+)](i) and lactic acid levels. Treatment with A-KG and NAC also attenuated the levels of peroxides generated by cyanide. The study indicates that combined administration of A-KG and NAC protected the cyanide-challenged PC12 cells by resolving the altered energy metabolism. The results have implications in the development of new treatment regimen for cyanide poisoning.